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specially-designed laboratory. In this it is hoped to be able to measure the 
total heat contributed to the room, by making the room behave as its own 
caloiimeter. "When funds are available for this project, it is confidently 
expected that much saving in fuel and a much more efficient method of 
domestic heating will be developed, in spite of the low quality of the fuel 
at present available for household use. 

But even if an efficient method of room heating is introduced, our room 
will not warm up quicklv if the walls consist of material of low insulating 
quality or of high thermal capacity. There is on record an outstanding example, 
of thib. A room lined with plaster usually took about an hour and a-half to 
waim up to comfort levels in the winter mornings. When, however, the linmg 
was supplemented with oak panelling, the same gas fire was able to warm the 
room adequately in half-an-hour. The panelling improved the insulation of 
the room, but more important, being constructed of a material of low thermal 
capacity, its temperature rose much more rapidly than did the plaster. In 
consequence, radiant heat vras returned to the room more rapidly and the room 
reached a level of comfort much more quickly. The development of new types 
of wall-linings having these desirable characteristics is fraught with difficultly, 
because other factors must be kept to the fore. Of these, cheapness of manu¬ 
facture and ease of application are of prime importance. There is a big field 
for a young physicist in this domain. But with the present shortage of 
qualified men interested in classical aspects of the science, progress must 
necessaiily be slow and results delayed. 


X-RAY DIFFRACTION OF IRONSAND. 

By N. J. Rumsey, M.Sc., Dominion Physical Laboratory. 

New Zealand’s ironsands, particularly those on the west coast of the North 
Island, have long been regarded as a potentially rich source of iron. Now their 
relatively high titanium content has aioused considerable interest, and their 
smaller vanadium content is also considered worth attention. 

The sands consist of giains of many different minerals. The proportions of 
these vary fiom place to place, even from one part of a beach to another; and 
the South Island ironsands differ very considerably from those of the North. 
In the North Island sands, the mineral present in quantity from which iron 
should most conveniently be extracted is magnetite (Fe 3 0 4 ), and as this is 
strongly magnetic it can readily be sepaiated almost completely from the other 
mateiials. The grains of magnetite are found to contain one-tenth as much 
titanium as iron, and a small quantity of vanadium. 1 This unusually large pro- 
poition of titanium is the main reason for the failure of past attempts to work 
the sands.- In a blast furnace titanium forms heavy infusible slags which 
accumulate at the bottom and soon put the furnace out of action. No method 
of reducing the titanium content before sending the magnetite to the furnace 
has yet been devised. Monro and Beavis 1 concluded from chemical evidence that 
the titanium atoms are actually in the magnetite lattice, i.e., some of the lattice 
points normally occupied by iron atoms are occupied by titanium atoms. This 
arrangement is known to occur in some minerals in other parts of the world. 
Ghemical evidence alone, however, cannot settle this matter, and the only way 
of obtaining the necessary further information is to apply the methods of X-ray 
crystallography. 

The apparatus used to do this is that designed by Williamson and constructed 
at the Dominion Physical Laboratory. 3 It consists of an X-ray tube with inter¬ 
changeable anticathodes and the necessary pumps and power supplies, and a 
Debye-Hull powder camera. The method requires substantially monochromatic 
X-rays. These are obtained by strongly exciting the characteristic K radiation 
of a suitable metal used as the anticathode or target, and removing the unwanted 
KjG line with a suitable filter. The material to be studied is ground up to a 
fine powder, bound together with a gum containing only light atoms, and formed 
into a very thin rod which is slowly rotated at the centre of the camera (with 
its axis vertical) while a narrow (horizontal) beam of monochromatic X-rays 
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is shone upon it. The purpose of this treatment is to present as many orientations 
of crystal planes as possible to the incident beam so that the diffracted radiation 
will form continuous cones about the incident beam as axis. In order to record, 
the positions of these cones a strip of photographic film is held in the shape of 
a cylindrical surface coaxial with the specimen so that upon development a set 
of dark lines mark the intersections of the cones of radiation with the cylinder 
of film. From the measured positions of these lines the angles of diffraction 
can immediately be deduced and the corresponding spacings of crystal planes 
calculated from the well-known Bragg equation: 

n\ = 2d sin 0 

where n = the order of diffraction 

X = the wavelength of the X-rays 

d = the spacing of the crystal planes 

6 = the angle between the incident or diffi acted ray and the crystal plane. 

From the positions and relative densities of the lines it would be possible 
with much labour to find the position of every atom in the unit cell of the 
crystal studied. However, this has not been necessary in the present work as 
the materials so far encountered have their diffraction patterns listed in the 
A.S.T.M. X-ray Data Cards. 4 * 5 These cards are so arranged that any listed 
element, chemical compound or mineral can be identified from its diffraction 
pattern. 

Plate 1 (d), a contact print fiom the original, shows the diffraction pattern 
of silver, using copper Ka radiation. This was tried first to check the leliability 
of the apparatus. The lattice constant found agreed to one part in a thousand 
with the published value. This pattern is interesting in that it shows plainly 
the rapid increase in resolution as the ends of the pattern are approached. The 
doubling of the last line is due to the fact that the Ka line is leally a doublet. 

The choice of wavelength of radiation to be used for best lesults in the 
magnetite problem depends on several factors. Molybdenum radiation is a good 
general-purpose one because it is sufficiently penetrating for absorption in^the 
specimen usually to give no trouble. However, its short wavelength results in 
a diffraction pattern that extends only a short distance on each side of the 
undeviated beam, so that it is of little use when we seek weak lines which will 
be obscured in this case by the crowding of stronger ones. Copper radiation 
is the most commonly used when a greater spread is required in the pattern. 
But copper radiation is a short distance on the wrong side of the K-absorption 
edge of iron, which means the radiation consists of photons energetic enough to 
eject electrons from the K shells of iron atoms and is thus strongly absorbed in any 
specimen containing iron (see Text Fig. 1). This results in a considerable reduction 
in the intensity of the diffracted beams and an increase in the background intensity- 
due to re-radiation in random directions by the iron. Under such circumstances 
only the strongest lines in the diffraction pattern are detectable. If a still softer 
radiation is used to avoid this difficulty with iron we run into the same diffi¬ 
culty with vanadium and titanium which t are also present. If, however, we 
go so far as to use vanadium radiation this will be on the right side of the 
K-absorption edges of all these elements; but there are two difficulties. The first 
is that solid or sheet vanadium metal for use as a target is hard to obtain. 
The second is that vanadium radiation is so soft that it will be fairly strongly 
absorbed in the specimen, with the result that at least those lines near the 
undeviated beam will be rather weak. 

A chromium target was available and this was tried first, as the radiation 
is at least on the right side of the K-absorption edges of both iron and vanadium, 
but the patterns obtained were not as clear as could be desired. However, every 
line of the magnetite pattern could be detected and one line besides. Extra lines* 
in a pattern almost invariably mean additional chemical compounds present, 
but this one line was much too far along the pattern to be the strongest line 
of any known compound, and was not likely to be the second or even third 
strongest. Thus the most likely explanation seemed to be that there was just 
one lattice present (magnetite) and that replacement of some of the iron atoms 
by titanium atoms (as suggested by Monro and Beavis) permitted a line to 
appear that would normally be cancelled out. (This explains the abstract appear¬ 
ing in the Congress programme, as this had to be written at this stage in the 
investigation.) 

As the patterns obtained with chromium radiation could not be regarded 
as conclusive and as no vanadium target was available, an effective absorption 
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Text Fig. 1. 

curve for the specimen as a whole was drawn assuming the proportions of iron 
to vanadium to titanium found by Monro and Beavis. This showed plainly that 
cobalt radiation is likely to be the best for the purpose (see Text Fig. 2). 
(It is as far away as possible from the titanium- and vanadium-absorption edges 
without exciting iron.) The patterns obtained with cobalt radiation give one 
definite piece of evidence. Besides the magnetite lattice there is also present 
the lattice of ilmenite (FeTi0 3 ). 

The reason why the strongest line of this did not show up in the earlier 
patterns is presumably that it should appear in that part of the pattern fairly 
near the undeviated beam and would consequently be strongly absorbed in the 
specimen, chromium radiation being very soft. Another strong line of ilmenite 
is irresolvable from the strongest line of the magnetite pattern, which completely 
conceals its presence. 
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Text Fig. 2. 


A rough quantitative estimate (as good as the information in the X-ray 
Data Cards will allow) of the relative proportions of ilmenite and magnetite 
present indicates that theie is probably enough ilmenite to contain most or all 
of the titanium. The quantity of vanadium present is so small that even the 
most refined of X-ray-diffraction techniques would be unlikely to reveal its state 
of combination. Plate 1 shows the diffraction patterns obtained with molyb¬ 
denum, cobalt and imfilteicd iron radiation. In (c) the doubling of the 
number of lines due to failure to remove the K/3 radiation can be seen. Most 
specimens were made up fiom sand from Patea (west of Wanganui), but one 
made up from sand from Muriwai (north-west of Auckland) gave piecisely the 
same diffraction pattern. 

It should be pointed out that this is an account of only the beginning of 
X-ray investigation of New Zealand ironsands. There are many more minerals* 
to be investigated and many refinements of technique to be tried, especially those 
leading to more accurate quantitative results. 

The author is pleased to acknowledge the very helpful interest of Dr. E. R_ 
Cooper, Director of the Dominion Physical Laboratory, in this work. 
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